and c 2940 mass and width parameters. These studies are based on a 553 fb ÿ1 data sample collected at or near the 4S resonance at the KEKB collider. Charmed baryon spectroscopy provides an excellent laboratory to study the dynamics of a light diquark in the environment of a heavy quark, allowing the predictions of different theoretical approaches to be tested [1] [2] [3] [4] . There are 12 experimentally observed charmed baryons for which the spins and parities are assigned [5, 6] . They include ground states, spin excitations, and lowest orbital excitations. Except for the c , the J P quantum numbers for these states have not been determined experimentally but are instead assigned based on the quark model predictions for their masses. There are also six charmed baryons, recently observed at the CLEO [7] , Belle [8, 9] , and BABAR [10] experiments, for which the spins and parities are not well constrained. The new states are in a mass region where the quark model predicts many levels with small spacing, which makes the J P assignment difficult. In this Letter we investigate possible spin and parity values of one such state, the c 2880 baryon [7, 10] , by studying the resonant structure of c 2880 ! c ÿ decays and performing an angular analysis of c 2880 ! c 2455 0; ;ÿ decays. We also report the first observation of c 2940 ! c 2455 0; ;ÿ decay and measure c 2880 and c 2940 mass and width parameters.
We use a 553 fb ÿ1 data sample collected with the Belle detector at or 60 MeV below the 4S resonance, at the KEKB asymmetric-energy (3.5 GeV on 8.0 GeV) e e ÿ collider [11] . The Belle detector [12] is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector, a 50-layer cylindrical drift chamber, an array of aerogel threshold Cherenkov counters, a barrel-like array of time-of-flight scintillation counters, and an array of CsI(Tl) crystals located inside a superconducting solenoidal coil that produces a 1.5 T magnetic field. An iron flux return located outside the coil is instrumented to detect muons and K 0 L mesons. We use a GEANT based Monte Carlo (MC) simulation [13] to model the response of the detector and to determine its acceptance. Signal MC events are generated with experimental run dependence in proportion to the relative luminosities of different running periods.
c baryons are reconstructed using the pK ÿ decay mode (the inclusion of charge conjugate modes is implied throughout this Letter). To select proton, charged kaon and pion candidates we use the same track quality and particle identification criteria as for observation of the c 2800 isotriplet [8] . The invariant mass of the pK ÿ combination is required to be within 8 MeV=c 2 (1:6) of the c mass value, recently measured by BABAR [14] . To improve the accuracy of the c momentum measurement, we perform a mass constrained fit to the pK ÿ vertex. We combine c candidates with the remaining ÿ candidates in the event. To reduce the combinatorial background, we impose a requirement on the scaled The fit is shown in Fig. 1 , and the results are summarized in Table I . The signal yield is defined as the integral of the Breit-Wigner function over a 2:5ÿ interval. The normalized 2 of the fit is 2 =d:o:f: 771:5=710 (probability 5.4%). If the c 2940 signal is removed from the fit, the double log likelihood changes by 59.8, which corresponds (for three degrees of freedom) to a signal significance of 7.2 standard deviations.
To estimate the systematic uncertainty on the results of the fit we vary the background parametrization, using a fourth-order polynomial and the inverse of a third-order polynomial. We include the c 2765 signal region into the fit interval, parametrizing the c 2765 signal by an S-wave Breit-Wigner function. The c 2765 mass and width determined from the fit are M 2761 1 MeV=c 2 and ÿ 73 5 MeV. We vary the selection requirements; we take into account the uncertainty in the c mass of 0:14 MeV=c 2 [14] , the mass scale uncertainty of 0:19 ÿ0:21 MeV=c 2 [15] and the uncertainty in the detector resolution of 10% as estimated by comparison of the inclusive c ! pK ÿ signal in data and MC simulation. In the region between the c 2880 and c 2940 signals the fit is systematically below the data points, which might be due to a presence of an additional resonance or due to interference. We take into account these possibilities as a systematic uncertainty. In each Events / 2 . 5 MeV 
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case we consider the largest positive and negative variation in the c 2880 and c 2940 parameters to be the systematic uncertainty from this source; each term is then added in quadrature to give the total systematic uncertainty, quoted in Table I . The main sources of the systematic uncertainty are a possible contribution of the c 2765 tail into the fit region (the shape of the tail is not well constrained) and the excess of events between the c 2880 and c 2940 signals. None of the variations in the analysis alters the c 2940 signal significance to less than 6.2 standard deviations.
Using MC simulation, we study possible backgrounds from the c 2980= c 3077 ! c K ÿ decays [9] , when the K ÿ is misidentified as the ÿ , and from the c 2800 ! c decays [8] , when an additional pion is combined with the c to form a false c 2455. The contributions of these backgrounds are found to be negligible.
For further analysis, we remove the cos > 0 requirement. To study the resonant structure of the c 2880 ! [5] . The shape of the nonresonant contribution is determined from MC simulation assuming a uniform distribution of the signal over phase space. In this and all the following fits we use the function value averaged over the bin. The fit is shown in Fig. 2 . We find the ratios of c 2880 partial widths ÿ c 2455 =ÿ [5] . The normalized 2 of the fit is 2 =d:o:f: 106:6=75 (probability 1.0%). The significance of the c 2520 signal is 3.7 standard deviations. The significance is calculated using the same method that was applied to the c 2940 .
To estimate the systematic uncertainties on the ratios of c 2880 partial widths, we vary the c 2880 parameters, fit interval, and background parametrization in the fit to the M c ÿ spectrum; we vary the c 2520 parameters; we allow the shape of the nonresonant contribution to float in the fit, parametrizing it with a secondorder polynomial multiplied by a threshold function or by a third-order polynomial; we take into account the uncertainty in the detector resolution and in the reconstruction efficiency. None of the variations reduces the significance of the c 2520 signal below 3 standard deviations.
To perform angular analysis of c 2880 ! c 2455 0; ;ÿ decays we fit the c ÿ spectrum in cos and bins for the c 2455 signal region and sidebands. Here, is the angle between the e e ÿ ! c 2880 X reaction plane and the plane defined by the pion momentum and the c 2880 boost direction in the rest frame of the c 2880
. Figure 3 shows the yield of c 2880 as a function of cos and , after c 2455 sideband subtraction (to account for nonresonant hypothesis both cos and distributions are expected to be uniform [16] . 2 fits to a constant are shown in Fig. 3 by a dotted where ij are the elements of the production density matrix. The diagonal elements are real and satisfy 2 33 11 1. Since the measured distribution in is consistent with being uniform (this also holds separately for cos > 0 and cos < 0 samples), the nondiagonal elements are small. The result of the fit to the cos spectrum for the spin 3 2 hypothesis is shown in Fig. 3 with a where nondiagonal elements are ignored. The result of the fit to the cos spectrum for the spin 5 2 hypothesis is shown in Fig. 3 with a solid 
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